Due to the decrease in light oil reserves, the petroleum industry faces the challenge of developing technologies for processing raw materials and wastes from heavy crude oils, which contain large amounts of asphaltenes. Thus, there is an increasing need to use heavy fractions efficiently in the production of fuels and chemical raw materials. The search for means for removing asphaltenes are justified by the fact that these molecules increase the viscosity of the fractions submitted to distillation, contribute to the formation of coke, and deactivate catalysts used in refining processes. This paper presents an alternative technique for selective extraction of asphaltenes from two Brazilian vacuum residues and compares these results to the ones observed using the IP-143 standard methodology. The extracted fraction was characterized by hydrogen nuclear magnetic resonance ( 1 H-NMR) and thermogravimetry (TG/DTG), revealing that the chemical species extracted using different techniques exhibited very small differences in composition but similar thermal behavior.
INTRODUCTION
Supplies of conventional petroleum have been steadily dwindling, increasing the demand for heavier crudes and processes that are able to recover lighter fractions from residues (Strausz, 1999) . Asphaltenes are among the constituents of heavy crude oils that have attracted worldwide interest because they present major technical problems, representing a challenge for the petroleum industry, being responsible for major losses in all stages of oil production.
Particularly in Brazil, where most of the fields presently under exploration yield crude oils under 20 °API, refining operations require considerable investments in additional units. The development of more efficient chemical processes for the conversion of highly aromatic and naphthenic constituents into smaller paraffinic moleculeswhich can be separated into fuels, lubricants, or petrochemical raw materials-are a must.
To understand better the phenomenon of dispersion and precipitation of asphaltenes in Brazilian oils, the present group of researchers has been working on the development of more selective alternatives of extraction techniques. The group is focusing on investigating techniques that are better suited for this type of oil (Silva et al., 2010; Seidl et al., 2011; Navarro et al., 2012). The aim of this study is to test an alternative technique for selective extraction of asphaltenic fractions from two types of Vacuum residues, and to compare these results with those obtained by the IP-143standard method of extraction.
PETROLEUM CONSTITUENTS
Fractions of these constituents usually are characterized by SARA analysis as saturates (alkanes, cycloparaffins), aromatics (mono, di, and polyaromatic hydrocarbons), resins (constituent fractions of polar molecules containing N, O, or S heteroatoms), and asphaltenes (structures similar to resins, which possess higher molar mass and polyaromatic cores if compared to those ones) (Aske et al., 2001; Hernández & Jorge, 2011). Depending on the content of these constituents, the oil can be classified as shown in Table 1 .
Asphaltenes
Asphaltenes are very complex macromolecules containing condensed aromatic and saturated rings, aliphatic chains, and heteroatoms (Murgich, 2002). They correspond to fractions insoluble in paraffinic hydrocarbons, such as n-heptane, but soluble in aromatics such as toluene (Speight, 1999 (Speight, , 2006 The structure of asphaltene molecules and the size of the aromatic ring system have been a topic of much discussion among researchers. So far, a defined chemical structure for the asphaltenes has not been completely elucidated, and two distinct models have been proposed (Figure 1) . The "island" model is a monomeric structure with a molecular weight in the range of 500-1000 Da, comprising six or more aromatic rings linked together, surrounded by several aliphatic groups, and may contain heteroatoms. The "archipelago" model proposes that the asphaltene molecules are polymeric, formed by individual monomers of polycondensed groups with five to seven aromatic rings linked by aliphatic side chains, possibly 
MODELS FOR MOLECULAR STRUCTURE OF CRUDE OIL COMPONENTS
In trying to solve the various problems caused by asphaltenes, it is necessary to understand these complex structures found in the oil. Over the years, several investigators have studied not only properties and characteristics of various types of asphaltenes, but have proposed models to justify the aggregate form of these compounds.
Pfeifer and Saal Model (1939)
This model suggests that asphaltenes coexist and interact with macromolecules present in the oil, such as resins, and form a core of micelles stabilized in a process known as peptization. This process is due to the high polydispersity of asphaltenes, which ensures the start of the formation of nanocluster asphaltenes from less soluble molecular fractions, whereas the more soluble fractions (resins) ensure the completion of the growth of nanoaggregates, generating stable colloidal suspensions (Garreto, 2011). This model has been widely questioned by researchers because, as of yet, it has not been possible to prove conclusively that the resins are responsible for the dispersion of asphaltenes in oil.
Yen Model (1960)
In 1967 properties of asphaltenes according to different scales and orders of magnitude. In this model, the resins are substances that are not as heavy or polar as asphaltenes, which show a propensity to aggregate but would provide some kind of peptization that would keep asphaltenes suspended. These asphaltene-resin complexes would reach a critical concentration described above and still form larger aggregates ( The Yen model has been used widely in the past 40 years, particularly for considering bulk properties of phase-separated asphaltenes. Nevertheless, at the time the Yen model was proposed, there were many uncertainties in asphaltene molecular weight, architecture, and colloidal structure (Goual, 2012).
The Modified Yen Model
Significant developments in the science of asphaltenes led to a new model, presented by Mullins (2010). The Modified Yen model stipulates the dominant asphaltene molecular architecture, and its role in forming nanoaggregates and their respective clusters (Mullins, 2010).
The molecular structure of asphaltenes contains a polycyclic aromatic hydrocarbon (PAH) with peripheral alkane substituents. These molecules can form asphaltene nanoaggregates with a single, disordered stack of PAHs and with aggregation numbers ∼6. The periphery of the nanoaggregate is dominated by alkane substituents. These nanoaggregates can form clusters not much bigger than the nanoaggregates, and their aggregation numbers are estimated to be around eight nanoaggregates (Figure 2 ). Sum frequency generation (SFG), Brewster angle microscopy (BAM), atomic force microscopy (AFM), and the time-resolved fluorescence diffusion (TRFD) tests were carried out, confirming that transitions from nanoaggregates to clusters occur at the expected concentrations, the thickness of nanoaggregate Langmuir-Blodgett films are found to be 2 nm, and that the island molecular architecture is predominant, with one polycyclic aromatic hydrocarbon surrounded by six fused aromatic rings per molecule of asphaltene.
The multiple modes of interaction of asphaltene aggregates, such as aromatic stacking, hydrogen bonding, acid-base interaction, hydrophobic interaction, and metal binding are illustrated in Figure 3 .
SOLUBILITY PARAMETER AND EXTRACTION TECHNIQUES
The solubility parameter (Equation 1) represents the interaction in condensed materials and provides a numerical method for prediction of degree of interaction. The most common method consists in dissolving the material in various solvents with known solubility parameters. In this case, the solubility parameter of the material is equal to the solubility parameter of the solvent in which it is subjected to larger interaction/solubilization (Hildebrand et al., 1970 ). Besides the standard technique, IP -143 or ASTM6560-00, several authors have used alternative techniques or modified IP for extraction and characterization of asphaltenic fractions. Table  2 shows some alternative methods of obtaining asphaltenes from residues and their peculiarities reported in the literature. 
MATERIALS AND METHODS
The samples used in this study are vacuum distillation residues from two different types of Brazilian oil, one considered heavy (A) and the other medium (B) ( Table 3 ). Asphaltenes were extracted by an alternative technique referred to as EQ/NP, developed by our group and also by the IP-143 technical standard.
Extraction of asphaltenes
The authors of this work have been developing procedures for asphaltene fractionation and characterization based on alternative technique employed to separate asphaltenes from vacuum residues (VR) obtained from off-shore fields (Moura et al., 2009; Silva et al., 2010). This extraction technique employs a naphthenic solvent, cyclohexane (N) (analytical grade), in combination with two paraffinic solvents (analytical grade) referred to as P 1 (n-pentane) and P 2 (n-heptane). The proportion of paraffinic to naphthenic solvent is 85:15(v/v), while the ratio of sample to solvent is 1:8. In a typical procedure, a corresponding amount of sample is added to a 250ml extractor with the specific solvent blend, and left under magnetic stirring for two hours at room temperature. At the end of this period, the insoluble fraction (asphaltene) is filtered under vacuum and dried in an oven at 80°C. The percentage of asphaltenes is calculated using 
H-NMR)
The sample was dissolved in deuterated chloroform and inserted into 5mm tubes. NMR -1 H spectra were obtained using a Varian UNITY-PLUS 7.05 T (300 MHz for 1 H) apparatus. The analysis was carried out in duplicate. The error established for repeatability was of 5%.
Thermogravimetric analysis (TG/DTG)
TG/DTG analysis was performed on a PerkimElmer model Pyris TGA analyzer. The temperature ranged from 25 to 700°C, and heating rate was of 10 °C/min, under N 2 flow of 30ml/min.
RESULTS AND DISCUSSION

Analysis of asphaltene content
Vacuum Residues VR-A and VR-B are soluble in a naphthenic hydrocarbon (N), at room temperature. For selective extraction of asphaltenes, two paraffinic solvents P 1 and P 2, which act as precipitants of asphaltenes, were tested. The solubility parameters of the NP 1 and NP 2 blends were 15 MPa 1/2 e 16 MPa 1/2 , respectively.
The percentages of asphaltenes extracted from samples VR-A and VR-B using EQ / NP and IP-143 techniques are shown in Table 4 . This table shows that NP 1 worked as a better extractant than NP 2 for both samples. The lower the solubility parameter of the blend is, the higher the amount of asphaltenes obtained in the extraction process from the combination of these two solvents will be (Seidl et al., 2010; 2011) . Residue A yields the highest concentration of asphaltene by any of the methods tested. Comparing the techniques, it is possible to observe that the percentage of asphaltenes obtained for VR-A with NP 1 (12.5%) was slightly higher than that found by the standard method IP -143 (11.9%). These percentages are close to the values found by other researchers 12,8wt.% 
Compositional group analysis
The 1 H-NMR results suggest that the species extracted by different techniques are very similar, because the proportions between the different types of hydrogens were close (α -substituents on the aromatic ring; β -in the alkyl chain length; and γ -in the number of terminal substituents). The different types of carbons and hydrogens are represented in Figure 4 . For VR-A, there was a greater percentage of H β to both techniques used for extraction. This may indicate a greater amount of side long chains and, perhaps, a greater number of naphthenic rings. The total percentage of saturated hydrogens is greater with NP 1, resulting in constituents with higher H γ , indicating terminal or branching methyl hydrogen. A larger proportion of H β was observed for NP 2, suggesting that the molecules had longer side chains than those obtained with NP 1 , as well as lower substitution on the aromatic ring, which is reflected by the percentage of hydrogen atoms connected to these rings. The extraction of molecular aggregates by solvent blend NP 2 is due EQ/NP alternative techniques (NP 1 and NP 2 ) observed similarity in the percentage of Hα, but for Hγ there was a larger percentage for NP 1 (29.5%). This difference demonstrates that the blend NP 1 may, possibly, favor the extraction of molecules with a greater percentage of chain terminals. This percentage for NP 1 was also higher than that found for the IP-143 technical standard (18.8%). For VR-B, the extraction by IP-143 showed more aromatic percentage than EQ/ NP techniques.
Even varying the type of paraffinic solvent, the constituents extracted from both are very similar because the percentages of saturated and aromatic hydrogens are close.
Fractions containing larger proportions of Hα were obtained using the IP-143 method for VR-A residue, indicating that asphalthenic molecules are more substituted on the rings than those obtained by EQ/NP 1 and EQ/NP 2 techniques. Nevertheless, the constituents obtained from RV-A with NP 2 had a larger proportion of aromatic hydrogens.
Thermal analysis
The asphaltenic fractions obtained by different techniques showed similar thermal behavior. Figures 5, 6 and 7 shows the graphics of TG/DTG of asphaltenes obtained from VR-A residue using the different extraction techniques.
The onset temperature (Tonset), the temperature of maximum degradation rate (Tmax), and the end temperature (Tend), as well as the percentage of carbonaceous residue (coke) formed in the degradation process are displayed in Table 6 . All asphaltene samples showed a maximum peak of degradation in the range of 480 to 490°C. The percentage of coke formed in the pyrolysis process was in the range of 36%-50%. 
CONCLUSIONS
The percentage of asphaltenes extracted by the EQ/NP 1 alternative solvent blend technique was higher than that obtained by EQ/NP 2 technique. Even when varying the type of paraffin solvent, the constituents extracted of the residue were very similar, as evidenced by the fact that the total percentage of saturated and aromatic hydrogens was similar.
The study of the selective precipitation is still in progress and will be the object of future work. The EQ/NP alternative technique can replace the standard method, IP-143, for extraction of the specific types of oils studied in this work. This technique has some advantages if compared to the IP-143 method: it requires less time to extract and reduces energy costs because it does not require prolonged heating. In addition, it uses naphthenic solvents that are less toxic and more environmentally friendly.
The asphaltenes extracted using the different techniques showed similar thermal behavior, with an average maximum degradation peak at 487°C, and an average percentage of coke of 43%.
The island architecture of asphaltenes extracted using IP-143 technical standard was previous determined by authors of this work (Carauta et al., 2005). Molecular modeling with the fractions obtained by EQ/NP technique is in progress.
